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Introduction
It is generally agreed that spectrin is essential in determining the properties of the red cell membrane, including its shape and Receivedfor publication 7 July 1983 and in revised form 4 November 1983. deformability. Structural analysis of the spectrin molecule has been difficult because of the large size of its two nonidentical subunits, a (240,000 mol wt) and # (225,000 mol wt). In such a large and complex molecule, small changes in conformation or physicochemical behavior would not necessarily cause significant alterations in the properties ofthe native molecule. Our laboratory has recently developed a technique for analyzing spectrin structure; this technique uses limited tryptic digestion of spectrin at 0C, followed by two-dimensional electrophoresis (isoelectric-focusing, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis [IEF/SDS-PAGE]).' This procedure results in
remarkably reproducible maps of approximately 50 intermediate-sized peptides whose molecular weights range from 80,000 to 12,000. These peptides may be enzymatically digested or chemically cleaved and the resultant limit peptide analyzed by high-resolution mapping techniques. With these procedures, it is possible to assign the origins of all peptides to the a-or lBsubunit, to determine relationships between peptides at various stages of digestion, and to arrange the unique peptides linearly, producing a domain structure for each spectrin subunit (1) .
These techniques have been applied to the study of red cell membranes of patients with hereditary spherocytosis (HS) and hereditary elliptocytosis (HE) and their variants. We and others (2, 3) have recently demonstrated that patients with severe poikilocytic hemolytic anemia (hereditary pyropoikilocytosis, HPP) have abnormalities in the 80,000-mol-wt domain of the a-chain.
In this study, we describe the occurrence of polymorphisms in the all domain that involve changes in both the molecular weight and the isoelectric point (pI). These polymorphisms have been found only in the black population, are relatively common, and appear not to be correlated with any clinical abnormality.
The first family in which we demonstrated an all polymorphism was a black family with classical HS. Heterozygous and homozygous forms of the alI variant were detected and they occurred in predictable Mendelian fashion, but segregated independently of spherocytosis. We subsequently studied 37 black individuals from 14 kindreds and we discovered a polymorphic all domain in 29 of these individuals, the 
Methods

Spectrin preparation
Blood was drawn into acid citrate dextrose anticoagulant and stored at 4VC until processed, no more than 24 h. Erythrocyte membranes were prepared and spectrin was extracted as previously described (4). Triton X-100, 5% 2-mercaptoethanol, and 2.4% ampholines, and focused on 3 X 120 mm polyacrylamide gels according to O'Farrell (6). The pH gradient extended from 7.2 to 4.5 and was formed by mixing equal volumes of ampholytes (LKB Instruments, Inc., Rockville MD) at pH 4-6, pH 5-7, and pH 3.5-10 (2.4% final ampholyte concentration). After electrophoresis for 5,700 V/h, the gels were removed and equilibrated for 10 min in 10% glycerol, 3% SDS, 1 mM EDTA, and 2% 2-mercaptoethanol before electrophoresis in the second dimension on a 10-15% acrylamide gradient using Laemmli buffers (5). Molecular weights were determined by reference to known protein standards.
CNBr cleavage
Lyophilized spectrin (1 mg) was dissolved in 70% formic acid. A 500-fold molar excess of CNBr (Pierce Chemical Co., Rockford, IL) with respect to methionine was added and the reaction was allowed to proceed overnight at 37°C. The reaction was terminated by drying with N2, followed by repeated resuspension in water and lyophilization. The samples were then subjected to two-dimensional electrophoresis according to O'Farrell (6) as described above. 2SI-peptide mapping Two-dimensional peptide maps were prepared by the method of Elder et al. (7) using Coomassie Blue-stained proteins cut from acrylamide gels and labeled with Na'25I (New England Nuclear, Boston, MA) as previously described (8, 9) . lodinated gel slices were digested with 50 Mg of a-chymotrypsin (Worthington Biochemical Corp.) in 1 ml of 50 mM ammonium bicarbonate, pH 8.0, for 24 h at 37°C. The lyophilized samples were subjected to two-dimensional peptide mapping; details of this procedure have been described earlier (8, 9 ping, we identified the origin and relationships of the majority of tryptic peptides separated on two-dimensional gels (8) (9) (10) ). The unique a-and (3-chain domains are identified in Fig. 1 B and in diagrammatic form in Fig. 2 .
In analyzing spectrin from normal volunteers and from families with HS, HE, and HPP, we have detected a polymorphism within the all domain. The common all tryptic domain of spectrin from 60 Caucasian donors has a molecular weight of 46,000 (aII-T46) and is called Type 1 (Fig. 1 B) . This peptide has two prs, possibly owing to variable deamidation, which are identical by peptide mapping (data not shown). Tryptic digestion at 00C produces a subfragment of all that has a molecular weight of 35,000; peptides with molecular weights of 30,000, 25,000, and 16,000 can be produced by more extensive tryptic digestion. Peptide maps (Fig. 5) have confirmed that the lower molecular weight peptides are fragments of the 46,000-mol-wt domain, and a monoclonal antibody has been made which reacts with a determinant common to all but the 16,000-mol-wt fragment (10).
The all domain of spectrin from 29 of 37 black donors studied shows alterations in molecular weight and/or pI. These variations occur in what appear to be heterozygous and homozygous forms. In the most common form of the variant, Type 2, the aII-T46 domain and the aII-T35 subdomain increase in apparent molecular weight by 4,000 and become slightly more basic. The all Type 2 polymorphism can be seen on a one-dimensional gel (Fig. 3) by the loss ofa 46,000-mol-wt band in homozygotes and the presence of a 39,000-mol-wt band. Two-dimensional maps are required, however, for adequate resolution and analysis of individual peptides in this region (Fig.  4) . The difference in pI and molecular weight is most noticeable in the heterozygous condition 1/2, where both the normal and variant peptides are found (Fig. 4, sections labeled 1/2 ).
Other differences among the all Types 1/1, 1/2, and 2/2 appear on the one-dimensional gels in the 70,000-90,000 region. Two-dimensional gels from normal controls show some degree of variability in this group of peptides, which are known from limit peptide mapping to represent several different domains. Using one monoclonal antibody to one aII-T46 domain (see reference 10), we detected no all peptides in this group of peptides.
Limit peptide maps of variant aII tryptic domains. Limit chymotryptic maps of the Type 1 and Type 2 all domains are shown in Fig. 5 . Maps ofthe 46,000-mol-wt (Type 1) and 50,000-mol-wt (Type 2) peptides (Fig. 5, A and B) , and of 35,000-mol-wt (Type 1) and 39,000-mol-wt (Type 2) peptides (Fig. 5 The subfragments ofthe aII domain with molecular weights <35,000 are not normally produced by the mild tryptic digestion procedure used in these experiments. Type 1 aII-T30, aII-T25, and aII-T16 generated by digestion for longer periods at 0°C also contain the limit chymotryptic peptide that changes its chromatographic behavior in Type 2 spectrin. This is illustrated by comparison of aII subdomain aII-T16, Type 1, with subdomain aII-T20, Type 2, which shows the expected peptide variation (Fig. 5, E and F) .
Variant aII domains are also produced by CNBr cleavage. Since the all peptides discussed above were generated by tryptic digestion, it seemed possible that a lysine or arginine normally present on one end of the all domain was either buried or substituted in the Type 2 variant. Tryptic digestion would then have cleaved the next lysine or arginine, possibly producing a slightly larger (50,000-mol-wt) domain. To characterize further the variant all domains, spectrin homozygous for Type 1 or Type 2 was cleaved with CNBr in 70% formic acid. All peptides that resulted from the cleavage were identical with one exception: Type 1 spectrin contained a 23,000-mol-wt peptide that was slightly more acidic than a corresponding 26,000-mol-wt peptide in Type 2 spectrin. Limit chymotryptic peptide maps of these CNBr peptides showed that both 23,000-mol-wt and 26,000-mol-wt peptides are derived from the all domain and that they differ in the mobility of one chymotryptic peptide in the same manner as the maps ofthe 46,000-mol-wt (Type 1) and 50,000-mol-wt (Type 2) tryptic peptides (Fig. 6, A and B) . The preliminary interpretation of these findings is that the all variants are produced not simply by burial or substitution of a single lysine or arginine, but that the polypeptide chain in this region is increased in apparent molecular weight by approximately 4,000.
Family studies of spectrin aII variants. The initial family in which we detected the all Type 2 variation was a black family with classical HS (Fig. 7) . A father and three of the five children tested had classical HS: the three affected brothers had spherocytes on smear, abnormal osmotic fragility tests, and hematocrits of 34-36% with elevated reticulocyte counts. Two of the sons and the father had had their spleens removed. The two unaffected daughters had normal osmotic fragility tests and one had a hematocrit of 40% in 1976 at age 23. When studied in 1981, both daughters had mild anemia with hematocrits 36-37%. Red cell indices, peripheral smears, ferritin, and transferrin levels suggested mild iron deficiency.
When we examined the tryptic digest of spectrin from this family by two-dimensional IEF/SDS-PAGE, we noted aII-T46 Type 2 in either the heterozygous or homozygous form in five of seven family members (Figs. 4 and 7) . The distribution of A aII-T46 Type 2 followed classical Mendelian genetics but did not correlate with the presence of spherocytosis. The two children who were homozygous for the aII-T46 variant did not have HS.
We subsequently demonstrated other structural variations within the all domain ofblack donors. In the Type 3 variation, only the molecular weight of the domain changes (increasing by 4,000), and the pI remains the same. Type 4 consists of a pI change only, the domain becoming slightly more basic. Fig.  8 shows the spectrin maps of donors whose spectrin has both all Types 1 and 3 (1/3), Types Note that the two types of all peptides found in one individual are not always present in equal quantities (e.g., Fig. 8 (2) .
The all variants illustrated above demonstrate well the sensitivity of this method to small structural changes in spectrin. In contrast to the findings in HPP spectrin, however (2) , the all variants are not the result of new tryptic cleavages. The all polymorphisms described here consist of two distinct structural changes, a molecular weight increase, as in Type 3, and a basic shift in pI, as in Type 4. The Type 2 all variant, which has both the molecular weight and pI change, appears to be the result of two changes within a single domain. The limit peptide maps and the cyanogen bromide digests from all Type 2 spectrin suggest that the alterations are not the result of burial or substitution of a lysine or arginine residue, but are due, at least in part, to a sequence alteration that increases its apparent molecular weight by 4,000. This apparent increase in molecular weight may be the result of a 4,000-mol-wt insert (roughly 35 amino acids) possibly occurring at an exon-intron interface or at an mRNA splice junction. Alternatively, specific amino acid substitutions have been shown to increase the apparent molecular weight of a protein by 2,000 (1 1). The change in pI may occur at a different site within the polypeptide chain, but it is present in the first major cleavage product (all T35). 
